Serum prealbumin (PA), which is a nutritional index, has been found to be associated with severities and prognoses of various diseases. However, there are no reports about the relationship between PA and angiographic severity of coronary artery disease.
Background
Acute coronary syndrome (ACS), defined as the spectrum of ST-segment elevation myocardial infarction (STEMI), non-STsegment elevation myocardial infarction (NSTEMI), and unstable angina, is a severe presentation of cardiovascular diseases. It is one of the leading diseases with higher mortality rates across the world, including China [1] . Therefore, it is necessary to screen an effective and appropriate parameter to perform early estimation of coronary stenosis.
Serum prealbumin (PA) is a negative acute-phase reactive protein with a short half-life (about 2 days) and is synthesized mainly in the liver. It is generally used to determine nutritional status. Due to its shorter half-life, PA is more sensitive in assessing malnutrition than is albumin, whose half-life is about 20 days. Moreover, an increasing number of investigations have shown that PA is closely associated with a variety of conditions, such as postoperative complications [2] , recurrence of malignant carcinoma [3] , and prognosis of heart failure [4, 5] and acute kidney injury [6] . In addition, investigations showed that the ratio of hs-CRP to PA (hs-CRP/PA) may be superior to either hs-CRP or PA in the assessing associations with severities and progressions of several diseases [6] [7] [8] . However, few relevant studies have focused on patients with coronary artery disease (CAD). One study showed that in patients under chronic hemodialysis, levels of serum PA were lower in patients with CAD than those without CAD [9] . Another study reported that PA was negatively correlated with atherosclerotic vascular disease (ASVD) [10] . However, the association between PA and angiographic extent of CAD has not been investigated in previous research.
Therefore, the main purpose of the present cross-sectional study was to investigate the association between serum PA and coronary artery stenosis, which was determined by Gensini score and the presence of high Gensini score (Gensini score ³120) and triple-vessel disease in patients with ACS. We also examined whether the association of PA with coronary severity was independent of confounding factors, especially liver and renal function and inflammation status, through multivariate regression and subgroup analyses.
Material and Methods

Study population
We reviewed the medical records of consecutive patients from Jan 2013 to Dec 2013 who were admitted in the Department of Cardiology, Xiangya Hospital, Central South University. Patients who were diagnosed with ACS and underwent coronary angiography, including percutaneous coronary intervention (PCI), were enrolled in our study. The diagnosis of ACS is made according to clinical symptoms, angiographic reports, and other accessory examinations, and the standard of ACS diagnosis is based on diagnostic criteria of ACS in ACCF/AHA guidelines [11, 12] . Exclusion criteria were: acute inflammation, known carcinoma, preexisting severe hepatic or renal diseases, and any missing information. After exclusion, a total of 867 patients were included in our final analysis (637 men, 230 women, average age 61.0±10.1 years). Since our study was retrospectively designed, written informed consent from participants could not be obtained, but our study protocol was approved by the Ethics Committee of Xiangya Hospital, Central South University.
Medical histories of patients were acquired by intern residents within 24 h after admission. Smoking status and histories of hypertension and diabetes mellitus or whether the patients were under treatment for related diseases were collected. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured with a mercury sphygmomanometers at least 2 times after resting 10-15 min in supine position. The means of 2 blood records were used in the study. Seated resting pulse rates were obtained by residents by palpating the radial artery for at least 30 s and pulse rates were regarded as heart rates in our study.
Fasting blood samples were taken from the median cubital vein on the next morning of admission. White blood cell count (WBC), hemoglobin, platelet count, serum total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), albumin, PA, alanine aminotransferase (ALT), aspartate aminotransferase (AST), total bilirubin (TBIL), hs-CRP, serum creatinine, and uric acid were measured in the clinical laboratory using a biochemical analyzer MODULAR PP (Roche Diagnostics GmbH, Germany). Estimated glomerular filtration rate (eGFR) was calculated using the equation of the Modification Diet for Renal Disease modified by the Chinese coefficient [13] [14] . The patients were divided into quartiles of PA (<209.9 mg/L, 209.9-253.6 mg/L, 253.6-322.8 mg/L, ³322.8 mg/L). The patients were also classified into 3 groups by hs-CRP with cut-off values of 3 mg/L and 10 mg/L, which are widely used as cut-off values in prognosis prediction in patients with ACS, and those in the upper tertile are classified as having elevated risks of adverse outcomes [15] . The patients were also divided into tertiles of hs-CRP/PA to examine its association with coronary stenosis.
Evaluation of the coronary artery stenosis
All patients received coronary angiographic examinations or PCI in the cardiac catheterization room after the completion of preoperative preparation. Transradial approaches and TIG catheters were chosen for most patients, and Judkins catheters via femoral approaches were also performed, if appropriate. According to specific angiographic outcomes, at least 2 projections for each main coronary artery were recorded for analysis. The angiograms of the patients were evaluated by 2 experienced interventional cardiologists who were blinded to our study. CAD was defined if more than 50% of the lumen diameter was occluded in any of the main coronary arteries, including the left main coronary artery (LM), left anterior descending artery (LAD), left circumflex coronary artery (LCX), and right coronary artery (RCA). Stenosis of diagonal branch, obtuse marginal branch, and posterior branch of the left ventricle was recorded as LAD, LCX, and RCA, respectively, and LM stenosis was recorded as both LAD and LCX. Triple-vessel disease was defined if stenosis was detected in LAD, LCX, and RCA concurrently.
The severity of coronary stenosis was quantitatively evaluated using the Gensini scoring system [16] , which was calculated according to stenosis severity as 1 point for <25% stenosis, 2 points for 26-50% stenosis, 4 points for 51-75% stenosis, 8 points for 76-90% stenosis, and 32 points for total occlusion. The score was then multiplied by a weight coefficient representing the importance of the position of the lesion in the coronary artery system. For example, 5 for the LM, 2.5 for the proximal region of the LAD and LCX, 1.5 for the middle region, and 1 for the distal region of the LAD and mid-distal region of the LCX. A Gensini score ³120 (high Gensini score) was considered as advanced coronary disease and 31.4% of the subjects were in this group. The severity of coronary stenosis was reflected by Gensini score, the presence of triplevessel disease, and high Gensini score in the present study.
Statistical analysis
Continuous variables were examined by test of normality before analysis and are expressed as means (standard deviation, SD) or medians (range of interquartile), as appropriate. Categorical variables are presented as counts (percentage). One-way analysis of variance (ANOVA) and Kruskal-Wallis test were used for comparison among quartiles of PA. The chi-squared test was used for comparison of categorical variables among groups. Univariate regressions were performed to assess the correlations between baseline characteristics and Gensini score, and a multivariate linear regression for independent determinants of Gensini score was also performed. Multivariate logistic regressions were carried out for the association between quartiles of PA and angiographic coronary severity determined by the presence of triple-vessel disease and high Gensini score. Analyses in subgroups divided by eGFR, liver function, and hs-CRP were also performed to detect whether an interaction relationship existed. All statistical analyses were conducted using the SPSS 19.0 software package (SPSS Inc., Chicago, IL, USA) for Windows. All statistical tests were 2-sided and a p<0.05 was considered statistically significant.
Results
A total of 867 consecutive patients with ACS were included in the final analysis. The baseline characteristics of the entire population according to quartiles of PA (<209.9 mg/L, 209.9-253.6 mg/L, 253.6-322.8 mg/L, ³322.8 mg/L) are presented in Table 1 . As shown in Table 1 , patients with increased levels of PA tended to be younger and had higher levels of hemoglobin, platelet count, albumin, TC, TG, HDL-C, and uric acid; patients in the first quartile of PA had lowest levels of LDL-C but highest levels of hs-CRP; and patients in the last quartile had lowest levels of TBIL. No significant differences were detected in terms of sex, history of hypertension, diabetes mellitus, smoking status, heart rate, WBC, ALT, AST, or eGFR. Coronary angiographic descriptions of all patients are also listed in Table 1 . As mentioned above, 31.4% of all subjects were classified into the high Gensini score group. Patients with decreased levels of PA had higher Gensini score and proportions of high Gensini score and triple-vessel disease (p£0.001). In terms of specific stenosis arteries, higher levels of LM, LCX, and RCA were found in patients with lower levels of PA (p£0.001). We performed univariate analysis between baseline characteristics and Gensini score using Pearson correlation or Spearman correlation analysis, as appropriate. As shown in Table 2 , male sex, diabetes mellitus, smoking, WBC, LDL-C, ALT, AST, hs-CRP, and uric acid were positively correlated with Gensini score, while hemoglobin, albumin, PA, HDL-C, and eGFR were negatively correlated with Gensini score. When all the above variables were taken into the multivariate regression model, only Data are expressed as mean (standard deviation) or median (interquartile range) or n (%) as appropriate. PA -prealbumin; WBC -white blood cell; TC -total cholesterol; TG -triglyceride; HDL-C -high-density lipoprotein cholesterol; LDL-C -low-density lipoprotein cholesterol; ALT -alanine aminotransferase; AST -aspertate aminotransferase; TBIL -total bilirubin; eGFR -estimated glomerular filtration rate; hs-CRP -high-sensitivity C-reactive protein; LM -left main coronary artery; LAD -left anterior descending artery; LCX -left circumflex coronary artery; RCA -right coronary artery.
male sex, diabetes mellitus, albumin, PA, LDL-C, and eGFR remained as independent determinants of Gensini score.
Finally, we performed multivariate logistic regression analysis to calculate the odds ratios of triple-vessel disease and high Gensini score across quartiles of PA (Tables 3, 4 ). The fourth quartile of PA was considered as the reference group, and sex, age, hypertension, diabetes mellitus, smoking status, heart rate, WBC, platelet, albumin, TC, TG, HDL-C, LDL-C, eGFR, liver function, and hs-CRP were included in adjusted models if the variables were not divided as subgroups. As presented in Tables 3, 4 , patients with decreased quartiles of PA had elevated risks of both triple-vessel disease and high Gensini score in crude models (p for trend <0.001 for both decreased quartiles of PA in patients with normal liver function (p for trend=0.037). However, interaction analysis did not reach statistical significance for the interactive relationship in eGFR, liver function, or hs-CRP with triple-vessel disease or high Gensini score (p>0.05 for all). We also defined an abnormal liver function as ALT and/or AST >80 U/L to reclassify the patients into subgroups, or by a cut-off value of 60 ml/min/1.73 m 2 in eGFR or 3 mg/L in hs-CRP or the median of hs-CRP (4.18 mg/L) to further explore if any interaction existed, but the results were negative.
Discussion
The current study demonstrates that patients with ACS whose serum PA levels were lower may have more serious coronary ischemia burden determined by Gensini score and the presence of high Gensini score and triple-vessel disease. Moreover, the above associations remained significant except for triple-vessel disease, although a similar trend still existed after adjusting for possible confounding factors, including hs-CRP, albumin, and liver and renal function. To the best of our knowledge, this was the first study to evaluate the relationship between serum PA and coronary stenosis in patients with CAD. Our results indicate that PA may have the ability to estimate coronary stenosis, but further research is needed to verify our conclusions.
PA is a negative acute-phase reactive protein with a short halflife (about 2 days), making it sensitive in detecting short-term malnutrition and assessing the effects of nutritional supplementation [17] . Because measurement of serum PA is convenient, it is generally used as a marker of determining nutritional status [18] . The synthesis of PA is mainly in the liver and its serum concentration could be influenced by several factors, such as nutritional intake, liver disease, renal dysfunction, inflammatory status, acute alcohol intoxication, prednisone therapy, and zinc deficiency [19, 20] . PA was reported to be associated with severities and prognosis of a range of diseases, including cardiovascular diseases [4, 5] . Our results revealed that PA was negatively and independently correlated with coronary stenosis in patients with ACS, which has not been reported in previous investigations.
The possible underlying mechanisms for PA and coronary stenosis may be as follows: Firstly, inflammation is one of the dominating elements in the pathogenesis of atherosclerosis. Table 2 . Univariate analysis and multivariate linear regression analysis of determinants of Gensini score.
CI -confidence interval; WBC -white blood cell; PA -prealbumin; HDL-C -high-density lipoprotein cholesterol; LDL-C -low-density lipoprotein cholesterol; ALT -alanine aminotransferase; AST -aspertate aminotransferase; hs-CRP -high-sensitivity C-reactive protein; eGFR -estimated glomerular filtration rate. Table 3 . Odds ratios and 95% CI of triple-vessel disease according to quartiles of PA in all subjects and subgroups.
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a Adjusted for gender, age, hypertension, diabetes mellitus, smoking status, heart rate, white blood cell, platelet, albumin, total cholesterol, triglyceride, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, liver function, eGFR, hs-CRP, if not analyzed in subgroups. b Abnormal liver function was defined as ALT >40 U/L and/or AST >40 U/L. CI -confidence interval; PA -prealbumin; eGFR -estimated glomerular filtration rate; hs-CRP -high-sensitivity C-reactive protein; ALT -alanine aminotransferase; AST -aspertate aminotransferase. Table 4 . Odds ratios and 95% CI of high Gensini score according to quartiles of PA in all subjects and subgroups.
a Adjusted for gender, age, hypertension, diabetes mellitus, smoking status, heart rate, white blood cell, platelet, albumin, total cholesterol, triglyceride, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, liver function, eGFR, hs-CRP, if not analyzed in subgroups. b Abnormal liver function was defined as ALT >40 U/L and/or AST >40 U/L. CI -confidence interval; PA -prealbumin; eGFR -estimated glomerular filtration rate; hs-CRP -high-sensitivity C-reactive protein; ALT -alanine aminotransferase; AST -aspertate aminotransferase.
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As a negative acute-phase protein, the synthesis of PA is suppressed in inflammatory status in which multiple inflammatory cytokines are involved, including interleukin-1, interleukin-6, and TNF-a, resulting in elevated generation of hs-CRP and decreased synthesis of PA by the liver [20, 21] , which was also demonstrated by our finding that patients located in the lowest quartile of PA had the highest levels of hs-CRP. We made adjustment for hs-CRP in the regression models and classified patients by hs-CRP in interactive analysis; however, the results inferred that the association of PA with coronary stenosis was independent of hs-CRP. Secondly, symptoms such as loss of appetite, nausea, and vomiting are reported in some patients with ACS, especially in females [22] , leading to down-regulation of synthesis of PA due to decreased caloric and protein intake, and this condition may be more obvious in patients with severe coronary stenosis. Thirdly, the synthesis of PA is also decreased if liver function is damaged [19] , which is not uncommon in patients with ACS due to hemodynamic changes and hypoxia injury of the liver [23] . However, we excluded those patients with existing severe liver diseases in the enrollment step, and the association between PA and coronary severity remained significant after adjustment for liver function indexes, revealing that liver dysfunction cannot fully account for the relationship between PA and coronary stenosis. Impaired renal function is associated with not only the prevalence of CAD, but also the severity of atherosclerotic burden in patients with suspected CAD or confirmed ACS, as reflected by Gensini score and SYNTAX score [24, 25] , which is another scoring system used to assess coronary stenosis. In our study, multivariate regression analysis revealed that eGFR was negatively associated with Gensini score, which is in accordance with previous studies [24, 25] . Further analysis indicated that decreasing risks of triple-vessel disease and high Gensini score were shown in increasing quartiles of PA in patients with eGFR ³90 ml/min/1.73 m 2 , but the interactive relationships were not significant. This may be because PA is degraded by the kidneys and its serum levels may increase in conditions of renal dysfunction, thus affecting the association with PA and severity of CAD.
Serum albumin is one of the classical markers determining nutritional status, and a low serum albumin level upon admission can predict in-hospital adverse outcomes in ACS [26] . Multivariate regression analysis in our study showed that albumin was independently associated with Gensini score, which is in agreement with previous studies [27] [28] [29] . However, in the logistic regression analysis, the odds ratios of high Gensini score (OR=1.17, 95% CI: 0.75-1.82, p=0.50) and triple-vessel disease (OR=0.99, 95% CI: 0.63-1.56, p=0.97) in patients in the lowest tertile of albumin were not significant compared with the highest tertile after adjusting for other factors (data not shown). This discordance may due to the discrepancies of study population and the methods of evaluating coronary stenosis, as in 1 study SYNTAX score was used for assessing coronary stenosis [28] .
Hs-CRP is an indicator of systemic inflammatory response and is associated with a wide range of acute and chronic diseases, including CAD [30] . Inflammation plays a vital role in the initiation and progression of atherosclerosis [31] and numerous prospective studies have demonstrated that hs-CRP can predict future CAD risk in both males and females [30] . Our study showed that patients in the third tertile of hs-CRP had elevated Gensini score and risks of triple-vessel disease compared with the first tertile. hs-CRP was positively correlated with Gensini score in univariate analysis, but hs-CRP did not remain independently associated with Gensini score in multivariate regression analysis, which disagrees with a previous study reporting that hs-CRP was an independent determinant of Gensini score in patients with suspected CAD [29] . It is noteworthy that a multiethnic study indicated that hs-CRP is within normal range at the very onset of first STEMI in 41% of cases [32] . Therefore, whether hs-CRP is a good indicator of coronary stenosis in patients with ACS needs to be determined by further investigations.
Because the synthesis of PA is influenced by inflammation, some studies integrated inflammatory response and nutrition status with their ratio [6, 7, 33] to diminish their interference. It was reported that CRP/PA was strongly associated with the severity of organ dysfunction in critically ill patients [33] . In addition, another investigation inferred that CRP/PA, but not PA or CRP, was independently associated with mortality in patients with acute kidney injury [6] . In the present study, our results revealed that patients in the highest tertile of hs-CRP/PA had increased Gensini score and risks of high Gensini score and triple-vessel disease. However, the odd ratios of high Gensini score (OR=0.97, 95% CI: 0.61-1.55, p=0.89) and triple-vessel disease (OR=1.57, 95% CI: 0.98-2.52, p=0.06) in the third tertile of hs-CRP/PA did not reach statistical significance compared with the first tertile after adjusting for other factors (data not shown). Therefore, we conclude that hs-CRP/PA is not superior to PA in the evaluation of coronary stenosis.
Our study has several limitations. The cross-sectional design prevented us from determining whether a low PA level was the result of acute coronary events, or whether patients with low PA level were prone to acute coronary events. In addition, as we only included patients with ACS, the generalizability of our conclusions to other populations, such as patients with stable angina pectoris or asymptomatic coronary atherosclerosis, is unknown. The prognostic predictive ability of PA was not provided in our study because we did not record shortor long-term adverse outcomes, nor did we have sequential measurements of PA to examine the association of dynamic variation of PA with coronary stenosis.
